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(54) A virtual tributary/tributary unit transport method and apparatus 



(57) A virtual tributary (VT) or tributary unit (TU) of a 
selected size is multiplexed with transport overhead and 
further multiplexed with framing bandwidth of an under- 
lying transport technology for providing a virtual tribu- 
tary/tributary unit plus transport link overhead plus 
transport framing for transport on a selected transport 



technology. This enables individual virtual tributar- 
ies/tributary units to be transported with defined line 
overhead and using existing transport technology fram- 
ing. Several examples of underlying transport technolo- 
gies used in conjunction with selected transport formats 
for VT-1.5 and VT-2 superframes are shown. 
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Description 

Technical Field 

This invention relates to telecommunications and, 
more particularly, to defining transport of individual vir- 
tual tributaries or tributary units. 

Background of the Invention 

A problem is that the current deployment of Synchro- 
nous Optical Network (SONET)/Synchronous Digital 
Hierarchy (SDH) in North America, Europe and else- 
where is primarily limited to routes where optical fibers 
exist between communicating SONET/SDH Network 
Elements. Due to the cost of installing a fiber optic infra- 
structure, these SONET/SDH routes are found primarily 
between telephone central offices where the cost of 
deploying the SONET/SDH optic infrastructure results in 
the greatest benefit. The result of this economic reality 
is that there is a large number of electrical transmission 
links making up the telephony access infrastructure, 
which could benefit from the additional capabilities pro- 
vided by the SONET/SDH format, but for which the cost 
of replacing the existing electrical transmission links with 
optic fiber cannot be cost justified. 

A proposed standard method for electrically inter- 
connecting SONET equipment at the VT 1.5 level of the 
SONET hierarchy has been suggested by A. Turudic in 
the ANSI T1 Committee Contribution Document Number 
T1X1. 5/93-008 dated March 4, 1993. A mechanism is 
there proposed for interconnecting SONET equipment 
islands with a copper based network using electrical VT 
1.5 for transport using a CEPT PCM-30 format as the 
electrical interface. A second proposal, using a 1.728 
Mb/s electrical interface is shown in Committee T1 Con- 
tribution Document Number T1X1. 5/94/068 dated April 
25, 1994. That proposal specifies a nominal line rate of 
1.728 Mb/s using bipolar 8-zero substitution (B8ZS) on 
a balanced twisted pair. Essentially, the DS-1bit rate is 
increased significantly to accommodate the VT 1 .5 band- 
width. 

However, these proposals are at the sacrifice of 
electrical compatiblity with the existing DS- 
1 infrastructure for increased payload and as yet there 
has been no format agreed upon for transporting individ- 
ual virtual tributaries or tributary units, particularly of size 
VT-1 .5 and of size VT-2/TU-12. 

Disclosure of Invention 

An object of the present invention is to define a 
method and apparatus for transport of individual virtual 
tributaries or tributary units for various media. 

Another object of the present invention is to provide 
a transport technique and apparatus for transporting 
individual virtual tributaries of size VT 1.5 and tributary 
units of size TU 12. 



According to the present invention, a virtual tributary 
payload of size VT-N is multiplexed with a VT-N transport 
link overhead signal for providing a VT-N payload plus 
transport link overhead signal which is in turn multiplexed 

5 with the transport technology framing signal, for provid- 
ing a VT-N payload plus transport link overhead plus 
transport technology framing signal. 

In further accord with the present invention, the size 
VT-N is size VT-1 .5. In such a case, the VT-1 .5 payload 

10 has a bandwidth of 1 .728 Mbits. 

In still further accord with the present invention, for 
a virtual tributary of size VT-1. 5, the transport link over- 
head may have a bandwidth of 320 kilobits, the transport 
technology being DS-1 and the DS-1 framing signal hav- 

75 ing a bandwidth of 8 kilobits. In that case, the VT-1 .5 pay- 
load plus transport link overhead plus DS-1 framing 
signal has a binary bandwidth of 2.056 Mbits for trans- 
port on a DS-1 line at a ternary symbol rate of 1.544 
Mbits per second. 

20 In accordance still further with the present invention, 
for a virtual tributary of size VT-1 .5, the overhead signal 
can have a bandwidth of 320 kilobits with HDSL transport 
technology having a framing signal with a bandwidth of 
32 kilobits. In that case, the VT-1 .5 payload plus transport 

25 link overhead plus HDSL framing signal has a binary 
bandwidth of 2.080 Mbits for transport on an HDSL line 
at a 2B/1 Q symbol rate of 1 .040 Mbits per second. 

According still further to the present invention, for a 
virtual tributary of size VT-1 .5, the transport link overhead 

30 signal can have a bandwidth of 1 92 ki lobits for a transport 
technology that is E1 , wherein the E1 framing/CRC/sig- 
naling signal has a bandwidth of 1 28 kilobits. In that case, 
the VT-1 .5 payload plus transport link overhead plus E1 
framing signal has a binary bandwidth of 2.048 Mbits for 

35 transport on an E1 line at a ternary symbol rate of 2.048 
Mbits per second. 

According further to the present invention, SONET 
VT-1. 5 payload and overhead is transported in a 500 
microsecond superframe. This superframe is located 

40 using a combination of the framing and H4 overhead. 
The 500 microsecond superframe of the prior art is pre- 
served in the present invention and the location of its 
boundaries are defined by the framing word and a mod- 
ified H4 indication. 

45 According to the present invention, the 1.728 Mbit 
bandwidth of the SONET VT-1. 5 is multiplexed into a 
2.056 Mbit total binary bandwidth for transport on a DS- 
1 , a 2.080 Mbit total binary bandwidth for transport on an 
HDSL link, or a 1.920 Mbit total binary bandwidth for 

so transport on an El link. Some of the bandwidth is defined 
for transmission link overhead. This transmission link 
overhead has capabilities consistent with the overhead 
of other defined SONET links. This consistency between 
both the SONET payload and the SONET overhead 

55 capabilities between existing SONET link formats and 
the VT-1 ,5 format described in this disclosure provide the 
ability for the cost effective, seamless extension of 
SONET capabilities throughout any of the telecommuni- 
cations infrastructure capable of supporting 1 .728 Mbits 
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of payload bandwidth VT-1.5. Using a combination of 
existing and new digital transmission technologies which 
can operate on this existing access infrastructure, there 
are existing facilities in the world's telecommunications 
infrastructure which can support such payloads. Specif- 5 
ically, the 2.048 Mbit ITU E1, the 2.080 Mbit HDSL, the 
coded DS1 format of the invention as disclosed in 
copending application Serial No. 08/279,197, as well as 
various optic links which can handle such payload 
capacities. 10 

To be described in more detail below is a format for 
a VT-1.5 SONET transport format that may be used 
according to the invention. The format uses a 500 \xsec 
superframe of four frames, each frame organized on a 
column comprising underlying transport technology is 
framing, VT-1.5 link overhead and SONET VT-1.5 pay- 
load comprising 24 channels, plus VT overhead and 
pointer. The frames are illustrated in four side-by-side 
columns, with the framing first, then the link overhead 
and followed by the payload. Each frame has five bytes 20 
of link overhead and 27 bytes of VT 1 .5. The bytes can 
be transmitted top to bottom for each column 1 -4. Of 
course, other organizations of the frame are possible. 

The invention thus provides a format which can 
transport an intact SONET VT-1.5 along with SONET 25 
transmission link overhead on a selected electrical or 
optical digital transmission link. The definition of this VT- 
1 .5 format for the telephony access environment, espe- 
cially the existing electrical infrastructure capable of sup- 
porting DS1, E1 and HDSL, will allow the extension of 30 
the SONET environment, and its additional capabilities, 
throughout almost the entire existing electrical (and opti- 
cal) telecommunications infrastructure. 

In further accord with the present invention, the size 
of the virtual tributary/tributary unit is size VT-2/TU-12. 35 

In still further accord with the present invention, the 
virtual tributary/tributary unit VT-2/TU- 1 2 datastr earn has 
a bandwidth of 2.304 Mbits. 

According still further to the present invention, the 
VT-2/TU-12 transport link overhead signal has a band- 40 
width of 256 kilobits, the transport technology is E1 , and 
the E1 framing signal has a bandwidth of 128 kilobits, 
wherein the VT-2/TU- 1 2 payload plus transport link over- 
head plus E1 framing signal has a binary bandwidth of 
2.688 Mbits for transport on an E1 line at a ternary sym- 45 
bol rate of 2.048 Mbits per second. 

In accordance still further with the present invention, 
the VT-2/TU-12 transport link overhead signal has a 
bandwidth of 256 kilobits, the transport technology is 
HDSL, and the HDSL framing signal has a bandwidth of so 
32 kilobits, and wherein the VT-2/TU-12 payload plus 
transport link overhead plus HDSL framing signal has a 
binary bandwidth of 2.592 Mbits for transport on an 
HDSL line at a 2B/1Q symbol rate of 1 .296 Mbits per sec- 
ond. 55 

Thus, similar to the case for VT-1.5s, according to 
the present invention, the 2.304 Mbit bandwidth of the 
SONET VT-2/SDH TU-12 is mapped into an existing 
transmission bandwidth of sufficient capacity for trans- 



porting individual tributary units of size TU-1 2. Additional 
bandwidth is defined, according to the underlying trans- 
port technology used, for transmission link overhead. 
This transmission link overhead has capabilities consist- 
ent with the overhead of other defined repeaterless 
SONET/SDH links. This consistency between both the 
SONET/SDH payload and the SONET/SDH overhead 
capabilities between existing SONET/SDH link formats 
and the VT-2/TU-12 format described in this disclosure 
provide the ability for the cost effective, seamless exten- 
sion of SONET/SDH capabilities throughout any of the 
telecommunications infrastructure capable of supporting 
the required payload bandwidth. Using a combination of 
existing and new digital transmission technologies which 
can operate on this existing access infrastructure, there 
are existing facilities which can support such payloads. 
Specifically, the coded El format of the invention as dis- 
closed in the above-mentioned copending application, 
optic links and HDSL each of which have the required 
payload capacity. 

To be described in more detail below is a transport 
format for VT-2 SONET/SDH according to the present 
invention. The bytes are arranged in a 500 usee super- 
frame similar to the above-described VT-1 .5 superframe 
and are also transmitted top to bottom for each 1 25 usee 
frame in columns 1-4. 

Thus, as for the case of virtual tributaries of size VT- 
1.5, according further to the present invention, 
SONET/SDH VT-2/TU-12 payload and overhead is 
transported in a 500 microsecond superframe. This 
superframe is located using a combination of the framing 
and H4 overhead. The 500 microsecond superframe of 
the prior art is preserved in the present invention and the 
location of its boundaries are defined by the framing word 
and a modified H4 indication. 

Thus, the present invention also describes a format 
which can transport an intact SONET/SDH VT-2/TU-12 
payload along with SONET/SDH transmission link over- 
head on an electrical or optical digital transmission link. 
The definition of this VT-2/TU- 12 format for the telephony 
access environment, especially the existing electrical 
infrastructure capable of supporting E1 and HDSL, will 
allow the extension of the SONET/SDH environment, 
and its additional capabilities, throughout almost the 
entire existing electrical (and optical) telecommunica- 
tions infrastructure. 

Specific benefits of the SONET VT 1.5 and 
SONET/SDH VT-2/TU-12 transmission formats are: 

1. The ability to transport a complete, unmodified VT- 
1.5 or VT-2/TU-12 payload along with its overhead 
and pointer (V1-V8). 

2. The ability to carry SONET or SONET/SDH syn- 
chronization information, as well as synchronization 
quality messages (this is not currently possible using 
DS1 or E1 signals which have traversed 
SONET/SDH transmission links). This is possible 
because the SONET VT-1.5 or SONET/SDH VT- 
2/TU-1 2 pointer mechanism is extended through the 
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known underlying transport technologies including 
E1 and HDSL 

Fig. 8 shows the relation between Figs. 8a and 8b. 
Figs. 8a and 8b together show a 500 microsecond 
s VT-2/TU-12 superframe, according to the present 

invention. 

Fig. 9 shows another apparatus, similar to that 
shown in Fig. 1 , for providing a VT-N/TU-M payload 
plus transport overhead plus transport framing 
70 datastream signal for being transported as individual 
virtual tributaries/tributary units with defined trans- 
port overhead and underlying transport technology 
framing. 

is Best Mode for Carrying Out the Invention 



transmission link and therefore the link line rate can 
be referenced to the local, high quality, SONET/SDH 
network element clock. 

3. The ability to support the SONET/SDH pointer 
mechanism. 

4. The ability to support SONET/SDH compatible 
transmission link and path performance monitoring 
information. This includes link BIP-2 and link FERF 
as well as link RDl. 

5. The ability to support an OAM&P channel, com- 
monly known in SONET/SDH as the DCC channel. 

6. The ability to support a user defined channel or 
an orderwire channel. 

7. The ability to support the H4 Multiframe indication 
necessary to locate the 500 microsecond VT-1 .5 or 
VT-2/TU-12 superframe. 

8. The ability to support Automatic Protection 
Switching channel(s) (K1 or K1/K2). 

9. The ability to support a link trace (J1). 

These and other objects, features and advantages 
of the present invention will become more apparent in 
light of the following detailed description of a best mode 
embodiment thereof, as illustrated in the accompanying 
drawing. 

Brief Description of the Drawing 

Fig. 1 shows an apparatus, according to the present 
invention, for providing an individual virtual tributary 
(or tributary unit) plus transport link overhead plus 
transport technology framing bandwidth functions in 
a datastream. 

Fig. 2 describes the signals shown in Fig. 1 for the 
case where a virtual tributary of size VT-1. 5 is 
assembled for transport on various underlying trans- 
port technologies, according to the present inven- 
tion. 

Fig. 3 shows a specific example taken from Fig. 2 of 
the signals of Fig. 1 for DS-1 transport technology, 
according to the present invention. 
Fig. 4 shows the relation between Figs. 4a and 4b. 
Figs 4a and 4b together show a 500 microsecond 
VT-1 .5 superframe, according to the present inven- 
tion. 

Fig. 5 shows a method, according to the present 
invention, for providing a VT-N payload plus trans- 
port link overhead plus transport framing bandwidth 
functions in a datastream, according to the present 
invention. 

Fig. 6 shows a verification of alignment of VT-N for- 
mat of the present invention with the frame boundary 
of the underlying transport technology, according to 
the present invention and correction thereof, if not 
aligned. 

Fig. 7 shows a table similar to Fig. 2 except for a 
virtual tributary of size VT-2 (which is the same as a 
tributary unit of size TU-12) and which, according to 
the present invention, can be transported on various 



Fig. 1 shows means for transporting an individual vir- 
tual tributary (VT) of size N (N), according to the present 
invention, as having three components, i.e., a payload 

20 component 10, a transport link overhead component 12, 
and a transport framing bandwidth component 14 asso- 
ciated with the underlying transport technology. "Virtual 
tributaries", as defined by ANSI Specification T1.105, 
have their counterparts in "tributary units", as defined by 

25 CCITT. A VT-2 is the same as a TU-12, for example. 
Although Fig. 1 uses the "VT" nomenclature, it should be 
understood that the description applies to tributary units 
(TUs) as well. The VT-N payload 10 is provided as a VT- 
N datastream on a line 1 6 to a multiplexer 18 that multi- 

30 plexes the VT-N datastream on the line 16 with a VT-N 
transport overhead signal on a line 20. The multiplexer 
18 provides a multiplexed VT-N plus transport link over- 
head datastream signal on a line 22 to a second multi- 
plexer 24 that is also responsive to a transport 

35 technology framing signal on a line 26 for providing a VT- 
N payload plus VT-N transport link overhead plus trans- 
port framing signal on a line 28. Two examples of VT/TU 
sizes that can be used, according to the present inven- 
tion, are given below but it should be realized that the 

40 invention can apply to other sized virtual tributaries and 
tributary units as well. 

Fig. 2 shows how three different transport technolo- 
gies can be used to transport a virtual tributary of size 
VT-1.5 (TU-1 1). The table shown in Fig. 2 is arranged in 

45 six columns, the leftmost of which lists the three under- 
lying transport technologies that are illustrated, accord- 
ing to the present invention, for transporting VT-1.5 
virtual tributaries. The next column is labelled "E" and 
corresponds to the transport symbol rate of the signal on 

so the line 28 of Fig. 1 for each of the three technologies. 
The next column, labelled "A" shows the VT-1.5 band- 
width plus payload pointer bandwidth corresponding to 
the signal on the line 16 in Fig. 1. The next column is 
labelled "B" and lists the SONET transport overhead 

55 bandwidth provided on the line 20 of Fig. 1 . The next col- 
umn, labelled "C" lists the various transport framing 
bandwidths for the underlying technologies provided, 
according to the present invention and corresponds to 
the signal on the line 26. for being input to the multiplexer 
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24 with the combined bandwidth listed in columns A & 
B. The total binary bandwidth (which is usually not trans- 
ported in binary form) is listed in the rightmost column 
labelled "D" for the three underlying transport technolo- 
gies and corresponds to the signal on the line 28. s 

As a concrete example selected from the first row of 
Fig. 2 as applied to Fig. 1 . Fig. 3 shows a use of an under- 
lying DS1 transport technology, according to the present 
invention. A VT-1 .5 payload 10a is shown in Fig. 3 being 
provided as a VT-1 .5 datastream on a line 16a having a 10 
bandwidth of 1 .728 Mbits, corresponding to the payload 
of VT-1. 5 virtual tributaries, i.e., each tributary having 27 
bytes per frame, for a total of 108 bytes intended as part 
of a 500 microsecond VT-1 .5 superframe to be formed 
by multiplexers 18a, 24a in conjunction with transport )5 
overhead and framing functions. 

Figs. 4a and 4b together show such a 500 microsec- 
ond VT-1 .5 superframe, according to the present inven- 
tion, for being carried on one of the underlying transport 
technologies listed in Fig. 2. Such would be provided by 20 
the multipl exer 24a of Fig . 3 on a line 28a as a datastream 
organized as shown in Figs. 4a and 4b transported 
beginning with frame 1 from top to bottom and continuing 
through frames 2-4 in the same manner. 

It will be observed that the frames of Figs. 4a and 4b 25 
are broken into three distinct groups having different con- 
tent as listed in the rightmost column. These different 
content groups comprise SONET VT-1. 5 payload such 
as the payload 1 0a of Fig. 3 provided on the line 16a, VT- 
1 .5 link overhead such as the VT-1 .5 transport overhead 30 
12a of Fig. 3 provided on the line 20a to the multiplexer 
18a, and framing such as the DS1 transport technology 
framing bandwidth provided as in a block 14a of Fig. 3 
and as further provided on a line 26a to the multiplexer 
24a. 35 

The operation of the devices of Fig. 3 are such that 
the VT-1 .5 payload provided as a datastream on the line 
1 6a is multiplexed with the 320 kilobits of transport over- 
head shown in the DS1 row ol Fig. 2 in the column 
labelled "B" and in the middle content group of Figs 4a 40 
and 4b labelled "VT-1. 5 link overhead." This results in 
VT-1 .5 payload plus transport link overhead being multi- 
plexed into a combined datastream on a line 22a pro- 
vided to the multiplexer 24a for further multiplexing with 
eight kilobytes of framing from the underlying DS1 trans- 45 
port technology. As known in the art, DS1 transport tech- 
nology is organized in 193 bit frames of 125 
microseconds each. The 193rd bit is a framing bit while 
the other 1 92 bits are payload carrying 1 92 data bits, nor- 
mally arranged as 24 8-bit bytes or channels. The DSl so 
transport technology is an accepted building block in 
North America and elsewhere and transports informa- 
tion at the basic rate of 1 .544 Mbits per second (ternary) 
which also corresponds to a binary bandwidth in the prior 
art of 1 .544 Mbits. According to the invention shown and 55 
described in connection with copending application 
Serial No. 08/279, 1 97 the VT-1 .5 plus transport link over- 
head datastream on the line 22a can be encoded accord- 
ing to a four binary bit/three ternary bit coding scheme 



(4B3T) and multiplexed with the eight kilobits of DSl 
framing on the line 26a encoded according to a separate, 
one binary bit/one ternary bit (1 B1T) coding function in 
order to provide a total 2.056 megabits of total binary 
bandwidth on the line 28a. According to that method of 
encodement and multiplexing, the individual frames of 
Figs. 4a and 4b will each be wholly contained within a 
DS1 frame. That patent application, particularly Figs. 8- 
13 and the- accompanying text thereof is hereby 
expressly incorporated by reference for background. 

Referring back to Fig. 2, a specific example of a DS1 
transport format used to transport individual VT-1 .5*s has 
been shown in connection with Fig. 3. Similar examples 
could be given for utilizing underlying HDSL or E1 trans- 
port technology but, using the teachings hereof, such 
would be evident to one of skill in the art and will not be 
repeated here. 

Referring now to the method of Fig. 5, according to 
the present invention, the apparatus of Fig. 1 can also 
be represented as a method of providing a VT-N plus 
transport link overhead plus transport framing bandwidth 
of the underlying transport technology on the line 28. As 
shown in Fig. 5, such a method comprises a repetitive 
decision as represented in a decision block 30 wherein 
it is determined whether the next data to be output on 
the line 28 of Fig. 1 is framing of the underlying transport 
technology, or SONET VT-N transport overhead or 
SONET VT-N payload. If payload, a step 32 is executed 
in which the next VT-N payload bit is provided onto the 
output datastream on the line 28 of Fig. 1 . If the decision 
block 30 determines that the next data to be output is 
transport technology framing, a step 34 is next executed 
in which the next framing bit is obtained and provided on 
the line 28. Similarly. H step 30 determines that the next 
data to be output is transport overhead, a step 36 is exe- 
cuted in which a next VT-N transport overhead bit is out- 
put onto the datastream on the line 28. As illustrated in 
Fig. 6. in general, the frame boundaries of the transport 
technology must be aligned with the VT-N format. This 
is shown being verified in a. step 38 and, if not aligned, 
corrected in a step 40. This may be carried out by hard- 
ware, software or a combination thereof as will be evident 
to one of skill in the art. 

Turning now to Fig. 7, a table similar to the table of 
Fig. 2 is shown except for a virtual tributary of size VT-2. 
It should be understood that this same virtual tributary 
size is used in Europe under the nomenclature "Tributary 
Unit" of size TU-12. The table of Fig. 7 shows the possi- 
bility of using two existing underlying transport technol- 
ogies for transporting a VT-2/TU-1 2 organized as shown 
in Figs. 8a and 8b, for example. It should be realized that 
the precise organization shown in Figs. 8a and 8b, as 
well as Figs. 4a and 4b, can be changed around accord- 
ing to design choice. However, the overall structure and 
capability of four frames of tributary units or virtual trib- 
utaries in a four frame superframe with underlying tech- 
nology framing, link overhead and payload will be the 
same. 
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The table of Fig. 7 should be viewed in conjunction 
with Fig. 1 which again shows the same letters A-E which 
are represented in the columns of Fig. 7 in the same way 
as in Fig. 2. Thus, for an underlying El transport format 
the transport symbol rate is 2.048 Mbits (ternary) on the 5 
line 28 of Fig. 1 . This may carry a total binary bandwidth 
of 2.688 Mbits according to the same special coding 
technique described in the copending application men- 
tioned above, especially in connection with Figs. 8, 10, 
12-15 thereof and the accompanying text which are 10 
hereby incorporated by reference for background. 

The third column of Fig. 7 shows the VT-2 pay load 
on the line 16 of Fig. 1 as comprising, for E1, 2.304 Mbits. 
The SONET transport overhead bandwidth column (B) 
for E1 shows 256 kbits and would be provided on the line 15 
20 of Fig. 1 to be multiplexed with the payload of column 
A on the line 16 in the multiplexer 1 8. The combined VT2 
and transport link overhead on the line 22 of Fig. 1 is 
multiplexed with 128 kilobytes of El transport fram- 
ing/CRC/signa!ing bandwidth as shown on the line 26 of 20 
Fig. 1 thereby providing the VT2 plus transport link over- 
head plus transport framing bandwidth on the line 28 of 
Fig. 1. 

A description using an underlying HDSL transport 
format for transporting virtual tributaries of size VT-2 or 25 
tributary units of size TU12 in a similar manner as the 
above described use of E1 transport technology will not 
be given here as such will be evident to one of skill in the 
art using the teachings hereof. 

As just mentioned, according to the present inven- 30 
tion, the 1 .728 Mbit bandwidth of a SONET VT-1 .5 virtual 
tributary may be multiplexed into a 2.048 Mbit transmis- 
sion bandwidth such as shown in the lower part of Figs. 
4a and 4b. i.e., corresponding to a VT-1 .5 shown in four 
frames arranged as columns and occupying 27 rows cor- 35 
responding to rows 6-32 in Figs. 4a and 4b. Figs. 4a and 
4b are just an illustration of one way to map a VT-1. 5 
virtual tributary into a 500 microsecond superframe of 
2.048 Mbit bandwidth. The additional 320 kilobytes are 
defined for transmission link overhead. In other words, 40 
the organization of the superframe need not be as 
shown, the main point being that a SONET VT-1 .5 trans- 
port format is multiplexed into a transmission bandwidth 
with link overhead having capabilities consistent with the 
overhead of other defined SONET links. This consist- 45 
ency between both the SONET payload and the SONET 
overhead capabilities between existing SONET link for- 
mats and the VT-1. 5 format shown in Figs. 4a and 4b 
provides the ability for a cost effective, seamless exten- 
sion of SONET capabilities throughout the telecommu- so 
nications infrastructure capable of supporting such 
payload bandwidth. The bytes shown in Figs. 4a amd 4b 
may but need not be transmitted top to bottom for each 
column 1-4. 

From the foregoing it should be realized that the 55 
invention describes a framed format which is capable of 
transporting two sets of telecommunications information 
sets. The first being an intact SONET VT-1 .5, including 
the SONET VT-1 .5 pointer and other SONET VT-1 .5 path 



overhead bytes. This first set of information is the pay- 
load of the VT-1. 5 transport format described in this 
specification and represents the payload which is 
intended to be delivered between the ends of the whole 
SONET VT-1 .5 path. This format exists in the art and the 
format itself is not the subject of this invention. This spec- 
ification does disclose and claim, however, with respect 
to the existing SONET VT-1 .5 format, the insertion of this 
SONET VT-1 .5 in the various bandwidths shown herein. 
The second set of information being a group of transport 
link overhead which performs the functions specific to the 
transmission link that a SONET VT-1. 5 payload is tra- 
versing. 

Similarly, for the European context, this invention 
describes a framed format which is capable of transport- 
ing two sets of telecommunications information sets. The 
first being an intact SONET/SDH VT-2/TU-12, including 
the SONET/SDH VT-2/TU-12 pointer and other 
SONET/SDH VT-2/TU-12 path overhead bytes. This first 
set of information is the payload of the VT-2/TU-1 2 trans- 
port format described in this patent specification and rep- 
resents the payload which is intended to be delivered 
between the ends of the whole SONET/SDH VT-2yTU- 
1 2 path. Again, this format exists in the art and the format 
itself is not the subject of this invention. This specification 
does disclose and claim, with respect to the existing 
SONET/SDH VT-2 format, however, the insertion of this 
SONET/SDH VT-2/TU-12 in the various bandwidths 
shown herein. The second being a group of transport link 
overhead which performs the functions specific to the 
transmission link that a SONET/SDH VT-2 payload is tra- 
versing. 

This disclosure further describes in Figs. 8a and 8b 
the location of a framing byte in each 125 microsecond 
frame. This exact framing byte may be different depend- 
ing on the specific digital transmission technology being 
used as the transport link. Specifically, if a VT-1 .5 is being 
transported via a 2.048 Mbit E1 link, a known E1 fram- 
ing/CRC/signaling word may be substituted for the 
SONET A1 and A2 framing words. Similarly, if the VT-2 
is being transported via a 2.688 Mbit E1 link, the known 
E1 framing/CRC/signaling word may be substituted for 
the SONET/SDH Al and A2 framing words. Therefore, 
both the location of the framing word(s) and the fact that 
there may be more than one framing word(s) pattern is 
encompassed by the claims of this invention. 

Fig. 9 shows an apparatus 42, according to the 
present invention. The apparatus 42 is responsive to a 
VT-N/TU-M datastream on a line 44 provided by a source 
46 of VT-N/TU-M payload information. It is also respon- 
sive to a VT-N/TU-M transport overhead datastream on 
a line 46 from a source 48 of VT-N/TU-M transport over- 
head information. Finally, it is responsive to a transport 
technology framing bandwidth function datastream on a 
line 48 from a source 50 of transport technology framing 
bandwidth functional information. 

The apparatus 42 comprises two elements in com- 
bination, both of which are responsive to the above-men- 
tioned datastream signals on the lines 44, 46, 48. A 
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means 52 monitors the signals on the lines 44, 46, 48 
and is used to control the order for transmission of said 
signals, for deciding a next data bit to be output in the 
same manner as already described in connection with 
Fig. 5. It provides a decision signal on a line 54 to a 
means 56 which provides a next bit on a line 58 selected 
from among the datastream signals on the lines 44, 46, 
48 according to the decision signal on the line 54. The 
signal on the line 58 is a VT-N/TU-M payload plus trans- 
port overhead plus transport framing bandwidth func- 
tions datastream signal similar to the signal on the line 
28 of Fig. 1. The means 56 thus performs the function 
described previously in connection with Fig. 5 as carried 
out in the steps 32, 34, 36. 

It should be realized that the order of the transmis- 
sion of the components of the output datastream 58 may 
be modified or changed as a matter of design choice, 
and such changes are certainly within the scope of the 
present invention. 

Although the invention has been shown and 
described with respect to a best mode embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, omis- 
sions and additions in the form and detail thereof may be 
made therein without departing from the spirit and scope 
of the invention. 

Claims 

1. Apparatus, comprising: 

a first multiplexer (18), responsive to a virtual 
tributary (VT) payload of size VT-N datastream sig- 
nal ( 1 6) and to a VT-N transport link overhead signal 
(20), for providing a VT-N payload plus transport link 
overhead signal (22); and 

a second multiplexer (24), responsive to the 
VT-N payload plus transport link overhead signal 
(22) and to a transport technology framing signal 
(26), for providing a VT-N payload plus transport link 
overhead plus transport technology framing signal 
(28), 



kbits, the transport technology is HDSL and the 
HDSL framing signal has a bandwidth of 32 kilobits, 
and the VT-1.5 payload plus transport link overhead 
plus HDSL framing signal has a binary bandwidth of 
s 2.080 Mbits for transport on an HDSL line at a 2B/1 Q 

symbol rate of 1 .040 Mbits per second. 

6. The apparatus of claim 3, wherein the VT-1 .5 trans- 
port link overhead signal has a bandwidth of 192 

to kbits, the transport technology is E1 and the E1 
framing signal has a bandwidth of 128 kbits, and the 
VT-l .5 payload plus transport link overhead plus El 
framing signal has a binary bandwidth of 2.048 Mbits 
for transport on an E1 line at a ternary symbol rate 

15 of 2.048 Mbits per second. 

7. The apparatus of claim 1 , wherein the size VT-N is 
size VT-2/TU-12. 

20 8. The apparatus of claim 7, wherein the VT-2/TU-12 
datastream signal (16) has a bandwidth of 2.304 
Mbits. 

9. The apparatus of claim 8, wherein the VT-2/TU-12 
25 transport link overhead signal has a bandwidth of 

256 kilobits, the transport technology is E1 and the 
E1 framing signal has a bandwidth of 128 kilobits, 
and the VT-2/TU- 12 payload plus transport link over- 
head plus E1 framing signal has a binary bandwidth 
30 of 2.688 Mbits for transport on an E1 line at a ternary 
symbol rate of 2.048 Mbits per second. 

10. The apparatus of claim 8, wherein the VT-2/TU-12 
transport link overhead signal has a bandwidth of 

35 256 kilobits, the transport technology is HDSL and 
the HDSL framing signal has a bandwidth of 32 kil- 
obits, and the VT-2/TU- 1 2 payload plus transport link 
overhead plus HDSL framing signal has a binary 
bandwidth of 2.592 Mbits for transport on an HDSL 

40 line at a 2B/1 Q symbol rate of 1 .296 Mbits per sec- 
ond. 



2. The apparatus of claim 1 , wherein the size VT-N is 
size VT-1.5. 

3. The apparatus of claim 2, wherein the VT- 1 .5 datast- 
ream signal (16) has a bandwidth of 1.728 Mbits. 

4. The apparatus of claim 3, wherein the VT-1 .5 trans- 
port link overhead signal has a bandwidth of 320 
kbits, the transport technology is DS-1 and the DS- 
1 framing signal has a bandwidth of 8 kbits, and the 
VT-1 .5 payload plus transport link overhead plus DS- 
1 framing signal has a binary bandwidth of 2.056 
Mbits for transport on a DS- 1 lin e at a ternary symbol 
rate of 1 .544 Mbits per second. 

5. The apparatus of claim 3, wherein the VT-1 .5 trans- 
port link overhead signal has a bandwidth of 320 



11. A method, comprising the steps of: 

45 (a) determining a next data signal for transmis- 

sion as transport framing of a transport medium, 
transport overhead for a virtual tributary/tribu- 
tary unit (VT/TU) or a VT/TU payload signal; 

(b) providing the next data signal for transmis- 
so sion determined in step (a); and 

(c) repeating steps (a) and (b) cyclicly wherein 
a VT/TU plus transport overhead, plus transport 
framing is transmitted over the transport 
medium with transport overhead and transport 

55 framing. 

12. The method of claim 11, wherein a VT/TU payload 
signal comprises a VT/TU of size N, said method fur- 
ther comprising the steps of: 
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(a) checking alignment of the VTVTU of size N 
with a frame boundary of the transport medium 
as indicated by the transport framing data sig- 
nal; 

(b) aligning the VT/TU of size N with the frame s 
boundary of the transport medium when mis- 
aligned; and 

(c) repeating step (a) and (b) cyclicly. 

13. Apparatus (42), comprising: 10 

means (52), responsive to a VT-N/TU-M 
datastream (44), to a VT-N/TU-M transport over- 
head datastream (46), and to a transport medium 
framing functions datastream (48), for providing a 
decision signal (54) indicative of a next bit to be out- is 
put on a transport medium; and 

means (56), responsive to the VT-N/TU-M 
datastream (44), to the VT-N/TU-M transport over- 
head datastream (46), and to the transport medium 
framing functions datastream (48), for providing a 20 
VT-N/TU-M payload plus transport overhead plus 
transport framing functions datastream (58) for 
transport on the transport medium. 

1 4. The apparatus of claim 1 3, wherein the size VT-N is 25 
size VT-1.5. 



1 9. The apparatus of claim 13, wherein the size VT-N is 
size VT-2/TU-12. 

20. The apparatus of claim 19, wherein the VT-2/TU-12 
datastream (44) has a bandwidth of 2.304 Mbits. 

21. The apparatus of claim 20. wherein the VT-2/TU-12 
transport overhead datastream has a bandwidth of 
256 kilobits, the transport medium is E1 and the E1 
framing/CRC /signaling functions datastream has a 
bandwidth of 128 kilobits, and the VT-2/TU-12 pay- 
load plus transport overhead plus El framing func- 
tions datastream (58) has a binary bandwidth of 
2.688 Mbits for transport on the E1 medium at a ter- 
nary symbol rate of 2,048 Mbits per second. 

22. The apparatus of claim 20, wherein the VT-2/TU-12 
transport overhead datastream has a bandwidth of 
256 kilobits, the transport medium is HDSL and the 
HDSL framing functions datastream has a band- 
width of 32 kilobits, and the VT-2/TU- 12 payload plus 
transport overhead plus HDSL framing functions 
datastream (58) has a binary bandwidth of 2.592 
Mbits for transport on the HDSL medium at a 2B/1Q 
symbol rate of 1.296 Mbits per second. 



15. The apparatus of claim 14, wherein the VT-1.5 
datastream (44) has a bandwidth of 1.728 Mbits. 

30 

16. The apparatus of claim 15, wherein the VT-1.5 trans- 
port overhead datastream has a bandwidth of 320 
kbits, the transport medium is DS-1 and the DS-1 
framing functions datastream (58) has a bandwidth 

of 8 kbits, and the VT-1.5 payload plus transport 35 
overhead plus DS-1 framing functions datastream 
(58) has a binary bandwidth of 2.056 Mbits for trans- 
port on the DS-1 medium at a ternary symbol rate 
of 1 .544 Mbits per second. 

40 

17. The apparatus of claim 15, wherein the VT-1.5 trans- 
port overhead datastream has a bandwidth of 320 
kbits, the transport medium is HDSL and the HDSL 
framing functions datastream (58) has a bandwidth 

of 32 kilobits, and the VT-1 .5 payload plus transport 45 
overhead plus HDSL framing functions datastream 
(58) has a binary bandwidth of 2.080 Mbits for trans- 
port on the HDSL medium at a 2B/1Q symbol rate 
of 1 .040 Mbits per second. 

50 

18. The apparatus of claim 15, wherein the VT-1. 5 trans- 
port overhead datastream has a bandwidth of 192 
kbits, the transport medium is E 1 and the E 1 framing 
functions datastream (58) has a bandwidth of 1 28 
kbits, and the VT-1.5 payload plus transport over- 55 
head plus E1 framing functions datastream (58) has 

a binary bandwidth of 2.048 Mbits for transport on 
the E1 medium at a ternary symbol rate of 2.048 
Mbits per second. 
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